Sequencing By Ligation Variation with Endonuclease V
R o and Deoxyinosine and SAWTooth —
’ The Sequencing Analysis Workbench Tool

Antoine Ho!, Maurice Murphy23, Susan Wilson43, Susan R. Atlas?34, Jeremy S. Edwards! 4>

IUNM Department of Molecular Genetics and Microbiology, 2UNM Cancer Center, SUNM Center for Advanced Research Computing, *UNM Department of Physics and Astronomy,
>Department of Chemical and Nuclear Engineering, University of New Mexico 87131

Abstract

Sequencing-by-ligation (SBL) Is one of several next-generation sequencing methods that has been developed for massive sequencing of DNA immobilized on arrayed beads (or other clonal
amplicons). SBL has the advantage of being easy to implement and accessible to all because it can be performed with off-the-shelf reagents. However, SBL has the limitation of very short read
lengths. To overcome the read length limitation, research groups have developed complex library preparation processes, which can be time-consuming, difficult, and result in low complexity libraries.
Herein we describe a variation on traditional SBL protocols that extends the number of sequential bases that can be sequenced by using Endonuclease V to nick a query primer, thus leaving a ligatable
end extended into the unknown sequence for further SBL cycles.

Additionally, virtually all next-generation sequencing platforms generate giga-base-pairs of data per run, often in the form of mate-paired short-reads. We anticipate the daily need to sequence, and
subsequently align (map) to a reference genome, several billion mate-pair reads, or single sequence reads, in whole-genome sequencing of human samples. These reads may need to be aligned to a
large reference genome, itself comprising several giga-base-pairs. An efficient algorithm to perform this mapping Is essential given these large dataset sizes. Here we present the SawTooth suite of
software applications whose core functionality is the efficient mapping of short-read sequencing data to a reference genome. SawTooth also implements several ancillary applications for validation
and statistical analysis of mapping results.

Current Polonator Technology Review Proof-of-Concept Coverage Simulation of Chromosome

To demonstrate the feasibility of a cSBL approach to genome sequencing and calculate gains in using
cSBL over traditional SBL methods, we utilized the SawTooth resequencing code developed at the
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Beads

DNA is isolated in a PCR solution and
added to streptavidin coated beads.
Through a process of emulsion PCR,
the beads become clonally : |
covered with multiple copies of a | =43

single template strand. In SBL, an anchor primer is hybridized to a known region of the template
DNA, usually a linker or adaptor that has been ligated onto a fragment of unknown DNA
sequence. Then using a series of degenerate query oligos that have fluorophores, the DNA
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genome, and calculations of chromosome 1 coverage were performed.

Number of Perfect Matches as a Function of Tag Length
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Sequencing Analysis Workbench Tool (SAWTooth)
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mate-paired reads. This requires the analysis and
mapping of several billion mate-paired reads when
used for whole-genome sequencing. An efficient
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SAWTooth utilizes hash indexing, a well-known referencing data structure which allows key-based data
retrieval in constant, O(1) time, making it the fastest of all data retrieval structures. In principle, there are
_ some limitations of general hash indexes that may limit their performance or impair their usefulness. Keys
CyCI 1C SB |_ ReSU ItS are not ordered, so sorted lists and range searches are not intrinsic operations on the data structures. Also,
hash function may generate the same hash for multiple keys, i.e. a collision. Resolving collisions require
extra processing and access to the original keys within the index.

Results Indicate that it Is possible to
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